We report a method to analyse multiple samples by fluorescence in situ hybridisation on a single glass microscope slide. Wells were formed in which independent hybridisation reactions could proceed by sealing a silicon rubber gasket to the slide. In the largest format tested, different probes were hybridised simultaneously by applying them directly from a 96-well microtitre dish which was inverted on a glass plate. This technique will increase the rate of analysis of multiple probes against a standard set of chromosomes and could also be used to analyse different karyotypes using a panel of probes such as single chromosome paints during a single operation. It should be useful for both chromosomal mapping projects and screening for chromosome abnormalities in clinical diagnostic laboratories.
INTRODUCTION
Fluorescence in situ hybridisation (FISH) is an easy, sensitive non-radioisotopic method for localising probes to different chromosomes (1). This technique enables the assignment of probes to chromosome bands, and probes can be ordered for physical mapping projects using multi-colour labelling (2) . It is possible to hybridise different types of labelled DNA (using biotin, digoxigenin, or directly labelled with a fluorochrome) to metaphase chromosomes using either: (a) large genomic clones (YAC, PI, cosmid, or phage) after suppression of repetitive sequences; (b) a few kb of unique single copy DNA or cDNA sequences; (c) polymerase chain reaction products; or (d) DNA synthesised directly in situ by oligonucleotide priming (3) .
Most large scale chromosome mapping projects (e.g. the human genome project), require a large number of clones to be rapidly analysed for construction and ordering of contigs across a particular region. YAC clones identified by the polymerase chain reaction via sequence tagged sites (STS) (4) , or isolated by colony hybridisation (5) are then ordered by determining common homologous sequences in each YAC by fingerprinting techniques (6) and STS content mapping (7) . Complete YAC contigs from human chromosomes Y and 21 (8, 9) have now been constructed and a first generation YAC contig map of the human genome (10) has been established.
In such mapping projects it is important to establish the subchromosomal localisation and order of different YACs and to find which clones are non-chimeric, since estimates of chimerism frequency of several established YAC libraries vary between 10 and 70% (11) . Current methods to determine whether two different chromosome regions are present within the same YAC, such as end rescue of each YAC arm, can be time consuming (12) . Analysis of clones by FISH would accelerate the process, but analysing a large number of probes is laborious when only one or two probes are hybridised to chromosomes on a single microscope slide. A method to analyse many YAC clones simultaneously would be more efficient and time saving.
This type of multiple analysis also has diagnostic clinical applications. Cytogenetic investigations using conventional techniques such as G banding are routinely used to detect chromosome rearrangements and aneuploidies. However, chromosome abnormalities can also be detected using FISH with chromosome-specific paints. This latter approach has largely been used for characterising abnormalities that have been found following conventional analyses (13) . The application of the 24 different chromosome paints to metaphase chromosomes on a single slide would detect the majority of chromosome abnormalities in one operation. The requirement of only a single slide is especially useful in situations where patient material is insufficient to prepare several slides.
We report a simple and quick method of analysing multiple probes by FISH to metaphase chromosomes on a standard glass microscope slide, or to a glass plate compatible with the dimensions of a 96-well microtitre dish. In one experiment nine different probes and one control were independently hybridised to human metaphase chromosomes on a single microscope slide. In a separate experiment, different centromere probes in a 96-well microtitre dish array were successfully hybridised to metaphase chromosomes on a glass plate.
MATERIALS AND METHODS
YACs and DNA probes Biotinylated (BRL, bionick kit) DNA probes, YAC DNA (200 ng; 5), or DYZ3 (15 ng; Y alphoid, Oncor), were resuspended in appropriate hybridisation buffer (Oncor, containing either 50 or 65% formamide depending on the stringency, 2xSSC, 10% dextran sulphate). Prior to denaturation at 80°C for 10 min, 4 ng of human cot 1 DNA (BRL) was mixed with the YAC DNA (to suppress repetitive sequences), chilled and then preannealed for 15-30 min at 37°C.
Preparation of metaphase spreads
Metaphase chromosomes were prepared from peripheral blood according to established procedures or from cultured cells as described. Chromosomes in suspension (in 3:1 methanol/acetic acid) were spread onto a clean standard glass microscope slide (3 x 1 inch) or a large glass plate (1 mm thick, same dimensions as a 96-well microtitre dish) so as to completely cover the slide/plate. This was best achieved by dropping chromosomes sequentially along the length of the slide (Figure la). Air dried slides were stored at -20°C for 2 days prior to use. Prior to hybridisation chromosomes were treated with RNase (100 /ig/ml) in 2XSSC for 30 min at 37°C, dehydrated in an ethanol series Application of multiple chromosome spreads and /or multiple probes to a single slide, (a) Chromosomes are applied to either the whole of the surface of a microscope slide, or to predefined areas. The chromosomes may be from a standard source, e.g. a normal human cell, or may be from different sources, e.g. when the aim is to analyse chromosomes from a large number of individuals for aneuploidy. (b) Areas are sealed from each other by a rubber mask or solvent repellant coating, and probe solutions applied to each area. Probes may be from different sources, e.g. when the aim is to find the chromosomal location of cloned DXA, or when chromosome paints from different sources arc to be characterised by hybridisation to normal chromosomes, (c) The slide is sealed for hybridisation, and when this is complete it is treated with reagents and analysed under the microscope.
(70%, 80%, 90%, 100%, for 2 min each), denatured in 70% formamide, 2xSSC for 2 min at 70°C, then further dehydrated in an ice-cold ethanol series before air drying.
Application of a silicon rubber gasket to a microscope slide A silicone rubber (Altec, UK) gasket 1 mm thick (cut to the same dimensions as the microscope slide) and containing evenly spaced holes (4 mm diameter) bored into the rubber was placed over the metaphase chromosomes. The density of the spreads was such that at least four metaphase chromosome spreads were visible in each hole. It is possible to analyse 24 probe/chromosome paint combinations on a standard microscope slide with holes of this size. The silicone rubber was carefully sealed to the slide in the areas between the holes using vacuum grease (Edwards, UK), to create a well for the probe solution (Figure lb) . However, tissue culture vessels (Heraeus, UK, and Gibco BRL, UK) consisting of a partitioned slide with up to 16 chambers (volume approximately 0.3 ml) for use with immunocytochemical procedures are available and may be adapted.
Hybridisation solution (8-10 ji\ of 50 or 65% formamide depending on the stringency, 10% dextran sulphate, 2XSSC) containing a different probe (previously denatured at 90 °C) was applied to each well. The whole slide was sealed with another microscope slide carefully placed on top, and then incubated at 37 °C for 16 h (Figure lc) . Prior to the washing and detection steps the silicon rubber gasket was removed, washed and stored ready for re-use, and the slide was rinsed briefly in 4XSSC. Slides were then washed in 65% formamide/2xSSC for 20 min at 42°C, 2XSCC for 15 min at 37°C prior to fluorescent detection of biotinylated DNA with avidin-conjugated antibodies (Oncor). Slides were washed in between antibody detection steps with 4xSSC/O.O5% Tween-20.
Chromosomes were counterstained with 1 jtg/ml propidium iodide and single optical sections were collected on a BioRAD MRC 600 with excitation at 488 nm and emission at 540 ± 30 nm (FITC) and >600 nm (PI) using a Nikon 60X 1.4 N.A. oil immersion lens.
Large slide covered with targets
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Microtitre plate with probes Figure 2 . Assembly of probes in a 96-well format. Initially a silicon rubber gasket was adhered to the surface of the microtitre plate, then probes in hybridisation buffer were sequentially applied to each well. Following denaturation of probes at 90°C, a large glass slide containing metaphase chromosomes was applied to the surface of the microtitre dish. The assembled structure was then inverted and placed in an adapted centrifuge carrier under pressure, spun briefly and then placed at 37°C for 16 h.
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Hybridisation of probes from a 96-well microtitre dish to a glass plate A silicon rubber gasket with 96 holes was permanently sealed to the surface of a 96-well microtitre dish (Cooke, UK) ( Figure  2 ) with adhesive that could withstand high temperatures (Loctite, Welwyn Garde City, UK). A polylolefin primer (Loctite 770) was first applied to each surface and allowed to dry before the adhesive (Loctite 406 Prism) was applied to the surface of the microtitre dish. DNA probes in hybridisation buffer (30 fi\ of 50 or 65% formamide, 10% dextran sulphate, 2xSSC), were denatured at 90°C within the appropriate well, briefly spun (pulse) in a microtitre dish carrier (Beckman, J-6B), and then inverted onto a glass plate (1 mm thick) containing metaphase chromosomes. The inverted dish and plate were then placed in an adapted carrier under even and heavy pressure such that a tight seal was formed between the glass plate and silicon rubber seal on the microtitre dish. Probes resuspended in hybridisation buffer were spun (brief pulse) down onto the chromosomes, and the assembly was placed at 37 °C O/N. The plate was dismantled from the carrier and the metaphase chromosomes processed as described above. The microtitre dish was washed and stored ready for re-use.
RESULTS
We successfully hybridised nine different probes to human metaphase spreads on a standard microscope slide by applying solutions manually through holes in the silicon rubber gasket. Nine adjacent wells contained nine different probes with one additional well containing hybridisation buffer only as a control. The probes included six YACs originally isolated from a human YAC library (5) with probes from the X chromosome at Xp22, three of which were previously shown to be non-chimeric and three of which were chimeric, and three centromere probes from It was easy to find four metaphases in each spread and to assign hybridisation of the corresponding probe, and there was no signal detected in the control well.
To test the method for applying probes directly from a microtitre plate, six different centromere probes from chromosomes 2, 6, 8, 10, 16, and X were spun onto a glass plate containing metaphases chromosomes (Figure 2) . The wells containing the respective probes were chosen to include the areas where the seal between the glass plate and the microtitre dish would potentially be the weakest because of the way that the pressure was distributed. Each well containing a centromere probe was surrounded by adjacent wells containing hybridisation buffer only (Figure 4) . The centromere probes hybridised to all metaphase chromosome spreads (average about 5 -10 in each well), whereas the adjacent wells did not show hybridisation to any chromosome in any spreads within the well.
DISCUSSION
This method offers the possibility of carrying out multiple FISH analyses in parallel. Large numbers of probes can be applied to metaphase chromosomes from one karyotype, or several different karyotypes can be analysed simultaneously by the same or different probes. This procedure increases the rate of analysis by eliminating the large number of processing steps that would be needed to carry out the same number of analyses on separate slides, and probes analysed in the 96-well format can be transferred with a multipipettor manually or possibly in conjunction with robotic devices.
The assembly of YAC contigs for large scale mapping projects such as the human genome mapping project is a major task both in determining the order and distance between YACs over large regions of the genome. FISH is useful in high resolution mapping projects and the process could be accelerated using the method described above in conjunction with multicolour labelling (several probes with different fluorochrome tags could be applied to each well simultaneously) for ordering probes (14, 15) . A further benefit of having all the analysis on one slide is that it allows for simple automation of image acquisition, since a microscope fitted with an adaptable moving stage and facility for detecting fluorescent signals in different metaphase chromosomes could process, image and store information from each metaphase within the respective coordinates of the 96-well microtitre dish. This approach would then help reduce the time and labour spent capturing different metaphase chromosomes manually.
The same procedure can also be used to analyse the DNA of defined chromosome regions using the chromosome 'painting' technique (13) . This technique uses complex mixtures of probes to analyse whole genomes, whole chromosomes, or parts of chromosomes (16) . Probes are made by the polymerase chain reaction using primers for repeated sequences to amplify the human DNA sequences contained in somatic cell hybrids or in chromosomes isolated by fluorescence activated cell sorting. This method is used in the clinic to analyse chromosomal abnormalities that occur in cancer cells and in individuals with inherited disorders. Probes may also be sequences amplified from a number of specific regions, as for example in the analysis of a tumour for deletions or amplifications. For the analysis of clinical samples it is often necessary to hybridise a number of different chromosome paints, e.g. one for the centromere of each human chromosome, to the same chromosome preparation. However, sometimes patient material is limited, producing only enough mitotic cells for metaphase chromosomes spreads on one standard microscope slide. Applying chromosome paints one at a time to a spread on a single slide is costly both in terms of patient material and the paints themselves, and is a time consuming process, whereas 24 different chromosome paints could be applied simultaneously.
This procedure is cost effective, since it reduces the amount of reagents and antibodies needed. It also increases the rate of analysis of each hybridisation because several probes are present on the same slide. The method is simple and can easily be applied in any laboratory. In addition, it could be used in conjunction with other types of preparations such as interphase nuclei (17) , DNA halo preparations (18) or extended chromatin (19, 20, 21) to detect and order multiple sequences by FISH.
